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$4) SYNTHESS OF CARBON NANOTUBE 

67)Abstract: 

PROBLEM TO BE SOLVED : To provde am ethod for the mass- 
synthesis of high purity carbon nanotubes perpend buiar^ arranged 
on a large area substrate by therm ochem ba I vapor phase vapor 
depositbn method. 

SO LUTDN: After cata^st metal parte bs ofananom etsrsize are 
formed as separated on a substrate by an etchhg process fetep 30), 
hgh purity carbon nanotubes perpend bu br^ arranged on the 
substrate are grown by a therm ochem ba I vapor phase vapor 
depositbn m ethod ushg a carbon source gas ^tep 40). Then after 
the step of sefective synthesb of carbon nanotubes, carbon 
nanotubes are purifbd h-situ (step 60). 
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1 

^im 1 - 5^ » - :?'©^fi!E^ffi. 

c t ^mWL t tm^m 1 «:iBtt©*-sl?> ^ >' 9^ * - 

ifiB?!/Xfi4^ffi«. 7 0 0 TbM 1 0 0 0 -CWiaS-CS 0 
7iM4 0 0 s c cmK:irS2T>*-TXf;^4 1 071M3 

pgtt. 7 0 1 0 0 0 •C©Se-C2 0 0 s 

c cm©«E««: 1 OTiMe o»ia*-iK>y-;^;«/x4 
7 D - 3 -tfj&Tji e,3itf -r * c i ?:!RFS(i-r saw?* 1 {c 

g3«©* - y ^ » - -tfO^m^. 

^m^msf^v -<> - * -ciitf 3 c t i 

fSiS^S 1 7^M5 ©5 ^Wn** 1 3S«:e«©*-iJ<> 

OT-^Xviffiffl-r a XvfiiSOaK: J: •) tf ton* c 
<b4«F«i-rsS1l:^3S 1 «ciatt©*-!jf>:^y9^a-:^ 
©^isE:^. 

1 (cieiS©*-!l<>:^ ^ 9" * - :?'©^fiJ:?3^. 
[mm 9 ] iria»8t3 nfc:^ ^ xofm^n 

gti-r*!!*^ 1 «:E«©*-jK>t>'f-*-:^©^fi)E 
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2 

o©^/;^ imULXMnt * C 4 T 1 

{cieJS©* -.-K>:^ 5^ » - ■:f<D'^fSC^. 

mm 1 1 } RiriBfl!HS^ii^)^6»-sii»i©ir 
mtic t^mittinm i cciais©*-jK>:f 

>'?-a--:''©^^;S. 

BiIiBJft<t^»ti^«J^grtr'f>-5/^*-C 

S 6K:dtyc i 1 «:iB«©*-sJ«> 

:^y9^*-■:r©^fiS5tf& 
20 (a»«3I14] iriB*-!K>:>-y^*-:?'*««-rs 

©fli»*/x*«[fflLrjiHT-ra c i^i^i-r^m^Ji 

1 3(ciatS©*-'J^>:*--'9^*-:^©^fiK^. 

LriiriBi»{k^^^.«iig*>6frffifiil^;^SrSf«i' 
s hicmtic t ^mwLt thmm l 4 (C 

IBiS©* - ^> :^ 9^ ^ - :/©^fiS::fr& 
[|Eii^©^lffl«3i>i^] 

30 [0 00 1] 

Mrs. 

[0002] 

[8!3fe©ea] (arm-chair) «ii© 

^»3IStt%. 'yi^fif iz i g-z a g) «jS©^« 

(field emission devices). 3 
40 SifejH. l)^'>A2iX«}ft. *«lf«-feil'. h9>yx 
^fSlfcttCRT (c a t h 0 d e-r a y tube)© 

s'ffisctBiS[$(c]^ati(cjiffi-r'&:i^it>(c»]SiMft©/7'- 

jjf > :^ y ^ » - ■?'%:^MS»R±K:se«:|^i L T^fiR 

•r*Ci*i||SU^. $yc*-^J<>:^>'^a-7'©^fi)^ 
Nf> *-5j<>:f->'^*-:/©itS. SS. S&i:©ffia 

[ 0 0 0 3 ] -^J-C^e 3*a/t*-^>t -•?■© 
50 jSftafjW**. 
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[0004] 

mifimi^kbi'iktiimi wmsm cc.j o 

urnet et al., Nature 388,758 
(1 99 7) RO^D.S.B e t h u n e et a 1 .. 
Nature 363,605 (1993)) -^U— !f- 
(R.E .Sma 1 1 y et al.,Scienc 
6 273,483 (19 9Q) ) iCj:>)iJ-^^>ty 

[0005]«tl^«ffi<R.Andrews et a 
l.,Chem.Phys.Lett..303.4 68,19 

9 9) «sffi4fiyB-ttr. sit;jFrt-c*-#>v-x^f 

:^4i»^)»l/T»fB-C*-!j<>:>- >' ^ * - :?'4:Adl^fi6 
[ 0 0 0 6 ] -:«r. ^itvi^hititcmit^msmm 

(Cj:n«. 3HL«©5^';* (W.Z.L i e t a 1 .S 
cience.2 74.1701 (.1 9 9 6) ) ttcit^ 
h (Sh i n 0 ha r a et al.,Jpn.J. 
Appl.Phys.3 7,1257 (1998))»« 

[0007] •^^X-7it^Smmmm (Z.F.Ren 
et a 1 ..Sc i ence.282,1 105 (1 99 
8) ) •c*-i^<>:^^5^a-y^:JgfiSf 

di:FS3£-C. *-;^<>:^yf■»-:''©Sffi^cg^''^•-^ 

[000 8] *^«. c<D^'>tj:mm^f^^tz>fc^ 
^«tstifc*)©-c*'3. :^BnaSStcSitK:SS5iJSnfc 
iSKS* - !j<>:f>'5^a - :/©^ft^fi!t^;^*ffi^t" S 

[0009] 

(»®4»8l-rSfc«)©#S] ±iB©SS«:^^4/c 
»> *»WK:«g-5*-')^>^>'?-a-:/©^fiE*ttK<fc 
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[0010] m^^Mititct y-*)--^ :^<Dtm^m^T 

[0011] «iriSl!l!SlJ^X«T>*-T^X-C*0. 
ia*Xfi4Slli*lJ7 0 OTbM 1 0 0 0'C©fiS-C8 07!»S 
4 0 0 s c cm{craT>*.=-7:tfX% 1 0 7bS3 0^ 

[0 0 1 2] SSL.<«. 8Jffi*-#>:?- 

}^fiS-rseFi«7 0 OTIS 1 0 0 ox;©iaa-c2 onm. 

20 0 s ccm©iiEfi{Cl 07!lM6 0^lffl*-sj<>V- 
;(!/ ;^ * 7 CI - S # ft 3&1 6 ittf -r 4 . 
[0013] ffsBlMlJS^fi^^J^fiSE-rSSPgiiriB* 

B^J^art-C-^^-i/^a ( i n-s i t u) "CitffS 

[0 0 1 AMmii-^^i-y^sL^-fiB^ifStfS 

[ 0 01 5 ] MS U < miB* -^>:^ ^ * - 
[0016]$ ^KS* t < «. t}8atMil2K©l?rK::7: 

40 [0 0 17] 

(»ig©IISS©Jg!8] OT« ^{*t/cias«:arj**» 

ijs©a*i/i.>iitem»o<ittM-rs. ojipu. *I6M 

}^®.(C:a3i3n. ft:/c*SI*fi«^6l**KW©ggn^=S:^± 
(CO. aig«(c^©i5H%^^K:»i6liSyta)K:«« 
3n4«>©-C«)S. iail©}»^t^S»B3!^«SBSiM© 

fc«)(c«aswcc5K3nfcfc©-c4)*. -eor. sfi. M 
/c«>(cfit;AL/fcfe©-c*4. SfflK:*it,»-c. Pi-ft^ 

50 «#jaaa-&aflst«r5^r. 
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10 0 18] mi mmm) m i a^imtimv. m2 

( 0 0 1 9 ] la 1 ?:#M-r*i«> ij~^l^ty^:x~:/ 

<mis.sti^^mm2 (axoho) ±icm^M 
m (02 (A) ©13 0) imis.-ri (2osk) . s lo 

t {A\,o,) «fi&i'*Jisefcns. 3 o 

^~ AmMm^y^.'^ 4? > i's^ffiffl o r s« 1 1 o 

±K:»nm7bM»Snm©Jf3K:. aSU<B2nm7ii 

[0 02 0] mm 1 o<ti/-ct";3>^:iiEffli/. nm 
m±r6fcii>(cim^mi 3 ocw^)sffl9fK:»fi±«ci» 

»)R (02 (B) ©1 2 0 ) ?rJ^tS-rS ( 1 OSI^) . 
~> ') 3 >S({Ut«/c«T;l' 5 :f Sc i'jWftiBK 1 2 0 i L 

[002 1 ] '^ic. ms^m 1 3 0 itmox^i 

hfci-yV^ X<Dfm^nf-=S:1^.f&ti> (30® 

m . mwmicit, 03«#HK-rti«, fm^mi 3 

0$^»i»Stiei 2 0£«iK&niEll 3 0©m3tl-C 30 
l,>*»1g?r!»{b^Slffi»^KS©'P- ^ 3 1 OKffSffi 
fStfcfKHIO'CWKKgum ij«-h3 1 Oiilft^ 
mtBIIS«S©5l£;iP3 0 0rtK:a-f'^>i'f 
-h3 1 o<ou-7'^>ifm. s«i 1 oiKj^fiSsn 
rc>4ft4a^)8l 3 0©«ffi3!isfi4?(i]^;^©ffiA:^3 

if:!^<DmK-mttm^mi 3 oc^BsawisiKT 

•5©». »ei 1 0±xeiMif:^omS.<0^tl (ma s 
s f 1 ow) =feJ^(Cb-CSie©lS-S«:iS«{>4te«) 
■C*S. )l!B«^Kl 3 0©^ffi*TlSlS-&S©lJ:^2c 40 
S©Slt'a'^>Sl£:j^3 0 0©rtgK:ffg3nrc>fc^ 

[0 02 2] >K-h3 1 O^u-f^l/ifi^fd^.. SlS 
*p3 3 0rt©E;^3?::^mE (SE<k^afi^««S4^ 
ffl-rSlg^) S/cttStSmTo r r^MftTo r rgS 

L/cfS. Sl&jip 3 0 0 ©i^fflStCig® 3 n/cffitSn 
3 3 0 4ffiffll/-CSItj^3 0 0rt©jaS4 7 0 O'CTbM 

1 0 oo'cix.iMt^i. 5i5jP3 0 ort©aa*Jia so 
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oort{c^-r*. ttS!lxf;^«7>*iT«/:^. 

:V^^*ffifflr*«^(C«8 071S4 0 0 s c cm©i6S 

{c 1 oTimzomrnkti, xnm<orm>i o o 

[0 0 2 3] H4«:5*-rJ:5Cc. Sl£jS'3 0 0rt{c«|& 
3*afcttfJ*:^20 OBStJSt^lSSl 30©yu->tt 
1^1 (grain b o un d a r y) (CffiorfltJSOr 
tli:!4S[«K:^«Stifct>'1f-fX©)iHSai)gtt^-l 3 

op$»«±(cJ^K:iiaa{cjg^5. 

s. fi!l^*fr{cI£:Dr^3nfc:^^■9•'/x©«l^!l^^ 
ti^©:*: t S i f6.mifi^t>i>. fm^W&'f-oWMV: <fc 

[0024] 3!;-5K> v-X3tf;^«JJMb^Slffl 

»?.S«Sl^«C«t&Lr:*7-!}<>t>'5^:x-7'i&»Sl 1 
0±{Cfi!cg$1i5 (4 0Sfg) . *-^>:^y5^*-:?' 
*)SSSH**SB (4 oe») «:^^-9--^X©J!«i^ 

te^^j^fiS-rsmpg (3osiig) t^iy-iy^^vmm 

■r*. MftWCCB. EI3©^1^4 0 0B±*^2^4 

>V-X^X«|&®4 3 0*'6^:^tt*&S3 2 OiiiU 
■c*-*>y-x^;^*5lc;i^3 0 0rt{c^-rs. S 
Ic:jP3 0 0rt©iaSB^f8ISnfc:t->'1^'f X©tt!Ji^ 

m-i 3 0 p^fi!i^©iss^Pi-«:asen©7 o on 

Ml OOO'C*^^:^**. i}-^>V-XiiX\t2 0n 
M2 0 0 s c c m©iiMI«: 1 0 7bM6 O^H^-TS. 

*-5K>y-;^//xiLr»Ci~c,©K{k*jR <hy 
d r oca rb on) iixtmt>tii, S*l/<«. r 

ft:By ir 

[0025] IgSfi©TI®©7 0 0 -CB^-'iOV- 

y 5^ a - :/©«saSSyNFra«:Slli5T *fca>(CB 
»3#4 4 04i§«CL. +fyTROt/*teB«-fJ;«/X 
^iS4 5 0*>6+ + yr:*/X (★JRSJAiBTJl'r^^^ 

©#^:y;^) ac;/i/cB#«^;^ (*«{b!g»*;^) 
i>. ■ 

[0 0 2 6] ij-^>^y-XiJXt^K.mii3:9i 
^xmOiX («|: T>*-r:tf:^. *3R//X*teB* 

5K> 5^ * - ^©Sa^ (SS».®«:SiiS-r S C i -C 
*-ii<>y-x//;;^<ti4S)//x©ftmB2 : 1 
7)S3 : l«t|S<l/(.). 
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[0 02 7] E5(cij^-rJ:^{C. mt^3 0 Of*iliC^ 

^xcowiii^ti^i 3 0 p©S«r*-!K>^^?^* 
-:fl 5 0*fiSSS-tfi. 

[ 0 0 2 8 ] 06 (A) TiM (C) tiSiSlffiS^'f^l' 
(base growth m o d e 1 ) ©HKHT* o 

■c. me (A) {c^-rj:^«:> j»{t^svffliiii«H©5 

•b5^ (C, H, ) ) *iSlta-Cj»^)B ( p y r 0 1 

ys i s) Sn-C^ar:^ h (C = C*fcttC) lO 

**s ( H . ) ^mttiii. ^^a^ V h *si!J!ji^ 

'XK. 196 (B) {cmf i^K:. 

«5[^ 1 3 0 p *!^:3.^ vhicj:^) mmaiKi&t ^cn« 

SiSi3.z.y hifimstiit. 06 (C) {Cii^-rJ:^ 

5 0©*ifg«>n» (r ound) (b 1 u 20 
n t ) ©BKJ^fiSSnS. -Ij. t^1f-fX©tt!S8^)li 
ifi^-l 3 0 p©^*^^fe•^fcii^{CB*-^J^>:^>'f•* 
-:/©*jS«>5«S5 J: ^ Ccj^BKSnS. 

c 0 0 2 9 ] IB 1 mmmvitrnt^mmm^st bx 

nm7!iS4 0 0 nmr*0. gS^JSt/imTbSStHy 
m. m«0.5/im75M3 0 0Mm©*-sP>:f>'5^ 
»-:/4^fiRL^>S. 30 
[0 030] yctC 3St»?&«J{c*-^>:f>'^*-:?'l 5 
0 ©^fiSSKfi K > - '> ^ * -C * - * > t ^ * - 

1 5 o*tii«-r-5 (6 oapg) . 

y^*--:^ 1 5 o©affi(c«^sg«») *yc«^-'<-f- 

o^sstm (4 0®^) t^>-iy^p^vnimf§ (6 

[0 03 1 ] MftffJK:. 03©II2#4 2O«±»»4 

^4 6 0 *rafiitbx*-5K>y-;^//xottt&«2»r 

I/. I^^;^«l&ia4 7 03i>e//X«|&e3 2 0 4au 40 

rffiS//;:^?r]git:i^3 o ortK^i&fS, 

[00323 fSS|j!fX<!:L-C«T>*iTX/^. 
J^. BBR:*/^. *fc«Cti6©S^:«/x4ffifflri. ffl 

iS^{c». «0©ffl»;</;^«i»&iS4 7O*5^S-C. «4S«^ 
;<«l&®4 1 OS/cB+f ';TX/XSCK/*teB«R:tf 
X«|&iS4 5 0*>6»il»J!/:^*«*&-rSC ifc-C#5. 
[ 0 0 3 3 ] 5J[E:jp3 0 0 l*9©fieSr 5 0 0 TiM 1 0 0 
O'CKSt. SJ2:jip3 0 0l*gK:tB»t^X«r4 07iM2 0 
0 s c c mtC 1 075M3 Omsm&ti. r>.*iT3E 50 
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««//x©fl6©i«i-c*siBR</;^©i»^)»s®j©K 
sii^t> (Or) ^tmim*)ttciimi^^-9if)\^m 
jKS Its c i(c J: o r K^*-r SaSJiTS. 

[0 0 3 4] ««©*§*. 5 0 

1^4 S nrSMS©* -s^<>:^ >' 5^ * - 1 5 0 JiJ^fiX 

[0035] aSKB. 07{C^-rj:5«:. ffiSlSPi 
(6 OSPg) ©SJK:;R§tt:«/X?;JglSj^3 0 0rtK:2 0 
07bM5 00s ccm{cflU&LrSJ£ji?3 0 0rtlc3Sff 

•ri*-'K>v-:^5tf^*SfsiP3 4 oj&au-cpaf 

i (SlCBOSPg) . :pr£tt;tfXil,TBrJl':rf>:tf 

[0 0 3 6] */c. mtb<unmtmomK.i>:^ 

i4)(/X4Slc;j^3 0 0F«i«:2 0 0 7iM5 0 0 s c cm(C 
«9&0rSl6jtP3 0 0rt(C3®fff6ff»:yx*SPMn3 

4 0 *ai/Tgf«-rs (0 1 ©7 osK) . smi^sie 

jp3 0 0rt©aSfcTKl3'&'5C<!:36SMil/l,>. 
X©SfaSH ( 7 oaFg) BSlCjP3 0 0©aa4TH6 

[0037] mtumamo'^mmc^tnt. 
i-zf-o.- rf<r>m^^m.b /cW!l^liase^=•*ss2©^fe© 

le^-itSO (agglomeration) «:Aj:?,?c< 
S n -C X {CjfcflL b -C ?i® SfC JgfiS 3 ti i /c 

^^){c*-^J^>:^>'^a - :/©}g«ai^aHtt«©^Si« 

fifot, JiEiKS©*-'K>:'->'5^^ 

[ 0 0 3 8 ] */c. mm.icm^sti-k.mm^mo± 

m^Mn^iWIRO^micT.rtXi^-ix:^!:^^ (ciSfffi 

SKJ^fiJET-S. Seo-C. S«©ffiS*ijA<«c-3Tt>«ffi 
©dSKM^^c < i^-K* >' 3L - :/€:iKiBS 

[0 03 9]JE-©±. tma:^. BP^T>*-T^;:^«: 

i$S.itS^icticj:-,x. fm^m-om&t:k9 

[0 04 0] ■tO'C. 5!;-#>v-;^^;^©^^. 
4{cJ:r>T. *-7j<>^>'^a-:/©S3fcSS«:afiii 

(0 04 1 ] -eo-c. iswb^Mtii^s^ifieffl-rifc 

ii>(c$HK©S«[±(c|li^(c^Ji)U:««;iitf^&-}S^ 
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(batch type) ^fiX*iBI||8"C*S. tKor. 

[0 04 2] m^mnf-im^imtij^ 

^> V - X ^/X ?r^»& L r * - ^ ^ - :?'*^fiSc 

[0 04 3] (m2$ti0!l) ll2|li&ii»|;!)i||lS^i&m 
5. 

[0044] T-^Xveii^HJiifil/T :^7Xv|4^B 

o© ^ X 3f -{caig 3 tlfc"?il/9' ^ ♦ fe« 

SSjSK:Sffl3n.5Ct4Kr±-r2>/c»(CB7"7Xv$|g 

[0045] mLUc-:f'7X-7^mxmi-irh^K.\t 
3 .6MHz. */X©E:^0 .IBMl OTo r 
r ISiXf'^t} 5 0 7!iM 2 0 0 WOIg^ff^-CT>*-r :«/ 
*SR;!/X*fcB*JS{t!8):tfX«r3 07bM3 0 0 s c 
cmK:7a-3ii-CjefiSl/fc:^^Xv4ffili-C3 5 071 
S6 0 0 -C^iSStC 5 7^)M3 0 ^Kfit^l/r^ 1 IIJS««J 

[0046] —immtOVt^tiC\t\ 3 . 6MH z ©^ 
h T'^XvggiCTV't^^-T;*/ 
X. **3!/;^*ft:tt**^l:«5^X43 075S3 0 0 s c 
c m«:7 a-$-&&*ie>?gfiSl/fc:^vXv4<b^SW^ 

I4^JXS«3 5 OTiSe 0 0 •C©iiS«: 
5BM3 O^HJrrS. 7'^XvBT>*::.r//X4 

[0047] (l»3SIJfiW) »3S6»W«»lil3nfc:^ 

^i^--fxofl!BS^«[^*K5s;i4?s'M-cAj:<. mm^ 
arj^fiS-r 4 i i> ^>,^-cm i niSfiiRc/^® 2^wjifi 

9. :»f^B«l(c. ji!l>»I^IKffi©0liS3nA:S«%S3):tt^ 
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(HF) ;g}KjEA:«HF<i:NH,F©ig^ 

K l7iM5»lffl^l^■^r^llt^nA::^y1^'^x© 

[0 04 8] (m4ll*SW) ir4l96W*m3llttit^i 

» 1 iiist^©iffl^«-c* -5 r . $fe(cssfi!l!f J?rlliS 0 

tBi^grtKo— f ^vyom t!B(9//X©T>* 
-T^X%607iM3 00 s c c m{C 57bM2 0^^ 

♦& L r sfiitc^jii s n/c t 1^ x©Mat^ii^-4 

[0 04 9] m5mmm)m5mimi.i-^-9-'(x<D 
fm^^^im^fiSM (3 osK) ««i»»(cj: 
20 iify^trnvtc < ^JtftKdXS-cff 5 j*i-c» 1 m 
JfifiliS^cS. fl(*WfcB. 08 (A) tCnktJ^'iiC. 

anm75S»Hnni©7#H/i?X (PR) 

[0 05 0] ^>:{c. 08 (B) {cs^-r<t5«:. 7* 

i^X h^N-ir-> (PR) 4fi4S!I-7Xi'iOt:84Jfi^M 

«i^i3Op40fiS-re. 

30 [005 1 ] BIS (C) (c^-rJ:5«:, *-sjf> 
:^ y 9^ .1 - :r 1 5 0 ©J^Jda:S«» 1 i jl 

^'im^im^. 7*huyxh^<»-:^©;*cfrst 
ieS^iagS^'S c i {c J: -^Tttifll^eL^©:*:* S 

:?'©iISS V«a«r i ft KPMSi L 5. *«M«"ra© 

[0052] (Sie0!ll) 2 cmX3 cm©'>i;3>« 
40 feJiKJ/ y 3 >»{klBI* 1 5 0 0 A©liS {CjgfiS Ufc 
f*. tm^imVF e®«r 1 0 0 nm©/f StCJi^fiSO 

ta— f^^^'Um jgIc;j^OE:^*7 8 0To r rK 

ff^. iaS=&9 5 0*CK:#iaL.m r>*-r:</X3& 
1 0 0 s c cm(c2 0:»ra7P-3#T^»Smdacfi 
^■40fiEl/fc. i^CK. tSg**©l:*9 5 0*C{Cff%a 
*J?>T-fe9'b>:</Xt4 0 s c cmtCl 0^181:70-3 
•ti-r^tft^*i ^ :^ :/<S:J^fiS 3 -e/c. 

SEM(scanning electron micr 
50 0 s c 0 p y) VUmbftmt. ij-iiOty^^-zf 
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XJ EM (transmission electro 
n microscopy) -caStfefe*. iIS»8 
Onm: &$1 20 um<DiJ-^yi-y^:^--fifiBl^ 

(005 3] Mm2) fm^mmtbXF e<DRt> 
0 tcN i |g4fieffll/fcC <t*l»l,>r«llilff« 1 
Ig^-C*-^>t^5^»-7'?:mL/c. SEM-C 

ft. ii:S*s*^5 0nmv &$ifi5 0 umOiJ-^^t^ 

[0054] (mm^) fm^Wktb-c? e<mt> 

») KC o gliffifflLfcC t SI^O-CBHilW 1 i 0-4 
t!SL/:felift. *-^K>:^>'5^*-:^*«S±K:ga^C 
ft. Onm. SS*53 0 Mm<D*-#>:f>' 

[0055] {mmA ) itiiji^isfiii br*-is©f^: 

too KC o - N i ^^JSiffiffi L/cC i ^l^l^-Cti^K 

fc. SEM-caSU/cigft. ij-^>:yi-y9o.'--:/im 
&i:K:Sitt«:i^-KfiESL]ltCi*i»!!P-3/c. TEMr 
t^L/fcteft. itS*s*i)9 0nm. S§*5**Jl0 0um 
-^^<>:^ 5^ » - :/*sjefi)cS n/c C i ifi^^lfi i tc. 
(0 05 6] (IIRW5) HtJK^IRSitL-CCo-N i 
^jgCf^to "3 CCC o - F e ^#)S*«yH l/fcC i 
Of «lliimi0i;ig^r*-jK>:^ 
40fiiEL.fe. SEM-Cl^tfcteft. 

TEM-CS^lz/dtft. itS*ii!^9 0nm. S$A«**»8 
0 m©*-iJ<>:^- 5^ A - 3 ti/c C <b 

ofc. 

(0 05 7] (j^iJt^e) «*i^lS)Sil/-CCo-N i 
^^©f^toOfCN i -F e-&^IS4<sMiL//cCi*K^ 

^mi//c. S EM-CH^L/fcteft. i3—if-ytyf-3. 
~ :?'*«fi±(cga:{Ci^{CfiRS l//c C i -a ft:. 
TEM-C«Stfc|Sft. i[S*i*?j8 0nm. ^tifithB 

(0058] (I^I^T) 2 cmxS cm©'>';3>« 
iS±K.iy 'J 3>K{tlS€ 1 5 0 0 A©/PSKJgfiSl//t 
f*. z^-''! 5? y > ifliiiVN i 1 0 0 n m©/! $ tC 
»fiSOfc. N i JB*iJ^B£Sn/cSfi«EA 1 .5 T o r 
r. JSiSftia .6MHz©:/7XviJg©iaK*5 5 
0 •CtC^gfcit/d^. 7>^:-=-T*fX4200 s c cmfC 
7P-3tti:jefiSl/fc:'''5Xvr 1 5»iafi4^Jl/-C^l8 
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Sl6iP©EE;^*7 6 0To r rtcffor 
jaa*9 5 0-C{Ci?fiLm T-fe5^U>^:^44 0s 
c cmtcl 0^fa7a-3-ttr-efi^ti©-7^rji4i^- 
■e;!7-!j^>t>'9^a-:?'*Jm3nSJ:5{cUc. SE 

HlgL/te^ft. ilSeOnm. fiS5 0ym©*-!j<> 
t a - S C i 3iJ^3»> -5 ft:. 

10 [0059] (ISKW8) 2cmx3 cm©i"J3>S 
fehKixy 3>K{tM4 1 5 0 0 A©J»3{c0fiSl/te 
^. «^«f&-CCo-Ni^^*2 0 0nm©JiS«: 

j^ofti. ^jjor. a«4HF««{ci4 0iwaiawc 

^47 6 0 To r rK:ffi-?-CSa*9 5 0*C{C^flLft: 
ft. T>*-Ti!/;<*80 s c cm«C 1 O^ra^O-S 
•&T^St$nft:C o - N i ^*4T-4}^RSLft:. iaS4 
•e©**9 5 0'C{Cfigti&*t6)T-b5'U>*X44 0 s 
20 ccm{cl Odia70-3-lft;#Co-N itft^•■C*- 
4^>t^^a-:/*l)^fi£§tll>J:^K:l/ft:. sEM-ca 
^Lftiteft. «-iJ<>:^>'9^*-5'*sS«±K:git«:J^ 
-«:fi)ESl/fcCi)W*>oft:. -eur. TEM-CfflSU 
fci^ft. fiS 1 0 0 n m. 1 0 0 y m©*-jK> 
:f y 5^ a - :/*J0fiX 3 txft: C i o ft:. 
[0060] 

[«M©Saft] *^W«:J:■5■C*-5^<>:^>'9'a-:r^r 

^fi£rn«. iij!«^«tfti^*5Sja©<6©tit^<t«o«:?c 

30 iiStta©*-jJ<>:^>'^»-:^4Sfi{cSitKfi?iJS1* 
r^fiSL/^i. Sift:. ««^IS©^fflK:i:-7rJ^(c 

y - x^x©SgMSCfISSfiSUf^lffl4Sl®-r 
S C i {C J: •s-C^-ilO:^ a -"/©aSSifiSSiyf 

rt-CB^»©2ffi±K:llffi!F{c^fiiEX@4jitf-r*-J§S; 
40 3nft:*-?J<>:^>'^*-:/*^^S««:j^SEl'^ 

i. 

mi] :^momimB&mi<cj:iij-^>ty^p.- 
[1112] (A) Kcf (B) um^mmfomm^tifcm 

[Bl 3 ] *»M©II 1 lli6««!{Cfflt,>6niJ»{b^^ilK 

50 ^s'&Tn-mmvAi. 
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(06] (A) TbM (C) «»»S4afc)!jia^tt^*> 
6 * - > :f 5^ a - 3 * > * - ^■i' 
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